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(57) Abstract: High localized loading, galling, and high torque forces have been generally eliminated or greatly reduced in a two 
ferrule tube fitting assembly through suitable modification of the rear ferrule so as to redirect the reaction forces acting between the 
front ferrule and the drive nut. The rear ferrule has a cylindrical interior wall that closely surrounds the tube end and is provided on 
the interior cylindrical wall with a circumferential ly continuous radial recess that is located between the nose and rear wall of the 
rear ferrule. The rear ferrule also has a radically external wall that is substantially conical and additionally shaped to extend radially 
outward toward the enlarged diameter portion or flange of the rear ferrule. The rear ferrule further includes a contoured face on the 
rear driven surface of the ferrule that engages the drive surface of the drive nut and a second recess in the tapered wall portion and 
may be case hardened. 
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FERRULE WITH RELIEF TO REDUCE GALLING 
CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of United States Patent 
application serial no. 09/054,186 filed on April 2, 1998, which is a continuation- 
in-part of United States Patent application serial no. 08/834,255 filed on April 
15, 1997, now United States patent no. 5,882,050, the entire disclosures of 
which are fully incorporated herein by reference. 

Background of the Invention 
The subject invention is directed to the art of ferrule type tube 
fittings. More particularly, the invention concerns a two ferrule fitting wherein 
the rear ferrule is designed to reduce the torque required to rotate the associated 
nut and to also reduce galling between the rear ferrule and the interior surface of 
the drive nut. The invention may also be applied in a single ferrule fitting. 

A commercially available and highly successful two ferrule 
fitting used for tubing is illustrated in FIGS. 1 and 1 A. FIG. 1 shows the fitting 
components in a finger tight position preparatory to final tightening, whereas 
PIG. 1 A shows the fitting after final tightening. As shown, the fitting comprises 
a body 10 having a cylindrical opening 12 counterbored for receiving tube end 
13. A tapered, frusto-conical camming mouth 14 is located at the axial outer 
end of the counterbore. A front ferrule 16 having a smooth, cylindrical inner 
wall 18 is closely received on the tube. The front ferrule has a frusto-conical 
outer surface 20 to be received in the camming mouth. 

Associated with the front ferrule 16 and located axially outward 
therefrom is a rear ferrule 22 configured as shown with a tapered nose portion 
24 and a rear flange 26 having an inclined end surface 28. The inclined end 
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surface of the rear ferrule 22 provides a radial component as well as an axial 
component of the pull-up forces acting on the end surface as will be apparent to 
those skilled in the art. The tapered nose 24 enters a tapered camming surface 
in the rear surface of the front ferrule. 
5 The ferrules 16, 22 are enclosed by a drive nut member 30 

threaded to the body 10. During tightening and make-up of the fitting, the inner 
end face, flange, or shoulder 32 of the nut acts against the rear wall end surface 
28 of the rear ferrule to drive the ferrules forwardly into the fully engaged 
position shown in FIG. 1 A. 

10 The small diameter portion or nose of the rear ferrule is 

dimensioned so that it plastically deforms during make-up of the fitting. This 
action is desirable since it results in tight gripping engagement of the outer wall 
of the tubing. The thickness of the nose portion cannot be reduced to an extent 
that the rear ferrule deforms too much and only the rear ferrule adequately grips 

15 the outer wall of the tubing. That is, the two ferrule assembly requires desired 
deformation of both the front and rear ferrules for the gripping and sealing 
capabilities that have made this two ferrule assembly a commercially successful 
product. On the other hand, the thickness of the nose of the rear ferrule cannot 
be enlarged to such an extent that it results in a structural arrangement that is 

20 too stiff and does not permit the desired rear ferrule deformation. 

A more complete description and understanding of the 
conventional two ferrule phase controlled sequential gripping action resulting 
from the inclined rear surface and the interaction of the front and rear ferrules is 
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set forth in United States Patent no. 3,103,373 issued to Lennon, et al, the entire 
disclosure of which is fiiUy incorporated herein by reference. 

Accordingly, it will be recognized by those skilled in the art that 
a predetermined wall thickness of the nose of the rear ferrule is desired that 

5 achieves the desired gripping of the tube and cooperates with the front ferrule in 
such a manner that it achieves its desired goals of gripping and sealing the tube. 

It is also recognized that operators of fluid systems test the 
system prior to a production run by pressurizing the system to an appropriate 
factor times the rated system pressure. In this manner, the operator can easily 

10 detect whether the fluid system is sealed, i.e. that there are no leaks. With this 
knowledge, the manufacturer can provide a fitting in which the nose of the rear 
ferrule will not have any additional plastic deformation at the elevated test 
pressure. Accordingly, the elevated test pressure is used to determine the 
desired wall thickness of the nose portion of the rear ferrule to achieve the 

15 desired amount of deformation of the nose and permit the front and rear ferrules 
to properly grip and seal with the outer wall of the tube. 

It has also been found that galling of the drive nut sometimes 
occurs in the drive face area of engagement between the inner end face of the 
drive nut and the rear wall of the rear ferrule. After analysis, it is believed that 

20 the axial thrust or pull-up force between the front and rear ferrule is essentially 
parallel to the axis of the fitting. This axial thrust causes the rear corner region 
of the rear ferrule to selectively concentrate pull-up stress at the inside drive 
surface of the nut particularly in a localized area to produce the galling. This 
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also noticeably increases the nut torque forces experienced during make-up 
even if galling is absent. Accordingly, it would be highly desirable to provide a 
design wherein the thrust forces do not produce the high localized loading with 
the resultant galling and high torque forces. 
5 Summary of the Invention 

In accordance with one embodiment of the invention, a tube 
fitting includes a fitting body having a cylindrical bore for receiving a tube end 
and including a tapered mouth at one end of the bore; a drive member having a 
threaded engagement with the body and having a ferrule drive surface; a first 

10 ferrule having a tapered first end that extends into the tapered mouth of the 
fitting body and having a second end with a tapered recess that axially extends 
toward the first end; and a second ferrule having a cylindrical interior wall, a 
tapered first end that extends into the tapered recess of the first ferrule, and 
having a contoured face on a second end thereof that engages the drive member 

15 ferrule drive surface; the second ferrule interior wall having a circumferential 
recess located between the first and second ends of the second ferrule; the 
recess and the contoured face reducing stress concentrations on the drive 
member drive surface when the fitting is made up. 

Another aspect of the invention includes forming the rear ferrule 

20 with a cylindrical interior wall that has a first diameter at the forward or nose 
end of the ferrule and a second diameter at the rear end of the ferrule wherein 
the second diameter is greater than the first diameter so that, for example, a 
single tool can be use to form the circumferential recess and the cylindrical 
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wall. Still a further aspect of the invention includes forming a notch on the 
outside diameter of the ferrule body that joins the second ferrule first and 
second ends. In another aspect of the invention, a contoured drive surface is 
provided on the drive member rather than on the rear ferrule second end. The 
5 present invention may also be practiced with ferrules that are made of harder 
base metal than prior ferrules. The invention may also be practiced with 
ferrules that have been case hardened either entirely or selectively on the ferrule 
surface. In general, the present invention may be used in single ferrule fittings 
as well. 

10 These and other aspects and advantages of the present invention 

will be apparent to those skilled in the art from the following description of the 
preferred embodiments in view of the accompanying drawings. 

Brief Description of the Drawings 
The invention may take physical form in certain parts and 
15 arrangements of parts, preferred embodiments and a method of which will be 
described in detail in this specification and illustrated in the accompanying 
drawings which form a part hereof, and wherein: 

FIG. 1 is a longitudinal cross-sectional view of a well known 
prior art two ferrule swage-type fitting; 
20 FIG. 1A is an enlarged view of the circled area of FIG. 1 

showing the prior art fitting in a made-up condition; 
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FIG. 2 is a view like FIG. 1 but showing a preferred embodiment 
of a fitting incorporating a modified rear ferrule designed to improve reaction 
force transmission through the rear ferrule; 

FIG. 3 is a greatly enlarged showing of the circled area of FIG. 

5 2; 

FIG. 4 is a detailed, partial cross-sectional view of a preferred 
form of rear ferrule; 

FIG, 5 is a cross-sectional view similar to FIG. 4 showing a 
second preferred form for the rear ferrule; 
10 FIG. 6 is a cross-sectional view of the fitting of FIG. 1 

particularly showing the rear ferrule positioned between the front ferrule and the 
nut at initial make-up (graphically meshed for finite element analysis); 

FIG. 7 is a view of the fitting of FIG. 6 in a made-up condition 
and illustrating the stress concentrations; 
15 FIG. 8 is a cross-sectional view of a fitting at initial make-up 

including a rear ferrule modified in accordance with the teachings of the 
invention (graphically meshed for finite element analysis); 

FIG. 9 is a view of the fitting of FIG. 8 in a made-up condition 
and illustrating the stress concentrations; 
20 FIG. 10 is a cross-sectional view of a fitting at initial make-up 

including a rear ferrule modified in accordance with the teachings of the 
invention (graphically meshed for finite element analysis); 
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FIG. 1 1 is a view of the fitting of FIG. 10 in a made-up condition 
and illustrating the stress concentrations; 

FIG. 12 is a cross-sectional view of a fitting at initial make-up 
including a rear ferrule modified in accordance with the teachings of the 
5 invention (graphically meshed for finite element analysis); 

FIG. 13 is a view of the fitting of FIG. 12 in a made-up condition 
and illustrating the stress concentrations; 

FIG. 14 is a table of different geometrical variations of the rear 
ferrule configuration; 

10 FIG 15 is a cross-sectional view of an alternative embodiment of 

a two ferrule fitting; 

FIG. 16 is an enlarged view of the ferrule region of the 
embodiment of FIG. 15; 

FIG. 17 is a partial view of a rear ferrule with a contoured face in 
1 5 accordance with one aspect of the invention; 

FIG. 18 is a partial view of a contoured rear ferrule shown in the 
engaged position with, a front ferrule and drive nut surfaces prior to pull up; 

FIG. 19 is a view of the embodiment of FIG. 18 in the pulled up 
condition showing stress distributions; 
20 FIG. 20 is another embodiment of the invention; 

FIG. 21 illustrates stress distributions in a two ferrule fitting that 
does not use a contoured rear ferrule; 
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FIG. 22 illustrates another embodiment of a rear ferrule design 
incorporating a circumferential recess; 

FIGS. 23A-F illustrate various alternative rear ferrule driven 
surface profiles; 

5 FIGS. 24A-G illustrates an alternative embodiment of the 

invention wherein the drive surface of the nut is provided with a contour 
surface; 

FIG. 25 illustrates another alternative embodiment of a ferrule 
having an inner cylindrical bore formed of two different diameters; 
10 FIG. 26 illustrates another alternative embodiment of a ferrule 

having an outer notch or recess in the ferrule body; 

FIG. 27 illustrates another alternative embodiment of the 
invention of a ferrule having a notched inner bore, a contoured rear surface, an 
outer notch and a crown portion on the ferrule nose region; and 
15 FIG. 28 is a finite element analysis illustrating one aspect of the 

invention of a high friction tube grip area axially spaced from a stress riser 
created at the nose of the ferrule. 

Detailed Description of the Preferred Embodiments 
Referring now to the drawings wherein the showings are for the 
20 purposes of illustrating preferred embodiments of the invention only and not for 
purposes of limiting same, FIGS. 2-4 illustrate the overall arrangement of a 
fitting incorporating the invention. It should be noted that in many of the 
illustrations herein of the ferrule profiles, the ferrules are shown in partial cross- 
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section for clarity and ease of understanding, particularly for views of the 
ferrule geometry and profile wherein it is only necessary to illustrate a portion 
of the entire ferrule in sectional view. The FIGS. 2-4 embodiment has the major 
components identified with the same reference numerals used with respect to 
5 the description of the prior art device of FIGS. 1 and 1A. A description of a 
FIG. 1 element is to be taken as equally applicable to the FIGS. 2-4 elements 
that are correspondingly numbered unless otherwise noted. In particular, in the 
FIGS. 2-4 embodiment, the rear ferrule 22' has been modified in a manner to 
cause the reaction forces acting between the front ferrule through the rear 

10 ferrule to the nut to have a significant force component that is directed radially 
outward. This is in contradistinction to the FIGS. 1 and 1A embodiment 
wherein the force component under consideration has a high axial component. 
Specifically, as shown in FIG. 4, force component A extends generally axially 
of the rear ferrule 22* and results in an increase in the loads applied at the radial 

15 inner face of the ferrule surface 28' and the flange 32' of the nut. As previously 
discussed, high localized loading or stress concentration in this area produces 
high torque and galling. 

While the invention is described herein with particular reference 
to a two ferrule system, such explanation is exemplary in nature and should not 

20 be construed in a limiting sense. Various aspects of the present invention may 
also find application in a single ferrule fitting. 

In one embodiment of the invention, a redirection of the reaction 
forces is achieved by providing a circumferential recess 40 throughout the inner 
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surface of the ferrule 22*. Note that a recess 40 is located generally midway 
between the opposite ends of the ferrule 22* and this results in the inner surface 
of the rear ferrule being reduced to two relatively axially narrow substantially 
cylindrical and continuous contact areas 42 and 44. By so modifying the rear 
5 ferrule, the forces which are conducted from the front ferrule through the rear 
female to the nut surface or flange 32' tend to be directed more radially outward 
such as diagrammatically illustrated by the force line B of FIG. 4. 
In this embodiment, the generally flat contact areas 42 and 44 have substantially 
the same diameter; however in an alternative embodiment, these two regions 

10 may have different diameters, for example it may be desirable in some 
applications to have the diameter of the rear flat area 42 slightly greater than the 
diameter of the forward flat area 44, for example, by a few thousandths, more 
preferably one to three thousandths of an inch. In yet a further alternative 
embodiment, the rear flat area 42 may be eliminated as a contact area by 

15 providing a counterbore in this area. Particularly for larger ferrule sizes, the 
single flat in the nose section of the rear ferrule may be sufficient to maintain 
proper ferrule alignment on the tubing during installation. These alternatives 
will be more fully described hereinafter. 

Another important feature of the invention is best exemplified by 

20 comparing the rear ferrule 22 of FIG. 1 with the rear ferrule 22' of the FIGS. 
2-4 embodiment. Particularly, the outer radial wall 50 of the rear ferrule 22' 
includes a conical section that increases in radial dimension as it extends from 
the forward nose portion 52, that is received in the rear chamfer region 53 of the 
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front ferrule, to the rear flange 26'. In the prior art arrangement (FIGS. 1 and 
1 A), the rear ferrule has a cylindrical through bore and an outer radial wall that 
extends parallel to the inner surface defining the through bore in this region. In 
other words, the rear ferrule has a constant annular wall thickness "t". In the 
5 embodiment of FIGS. 2-4, the outer wall has the conical or tapered 
configuration that provides sufficient wall thickness "t" and controlled 
deformation of the nose portion when the recess is incorporated into the 
modified rear ferrule. Preferably, the outer wall 50 has a generally uniform 
angle or taper as it extends between the reduced dimension nose region 52 

10 received in the camming mouth of the front ferrule and the enlarged diameter 
rear flange 26'. Again, this provides controlled deformation of the rear ferrule 
so that the region 52 is plastically deformed radially inward along surface 44 
into gripping, sealed engagement with the outer wall of the tube. Note that in 
Fig. 4 the recess 40 is so shaped as to appear that the dimension "t" is constant, 

15 though it need not be. For example, if the recess 40 is formed such as in many 
of the illustrations of Figs. 14, 17 and 18, the tapered outer wall 50 provides a 
non-uniform thickness "t" between the rear ferrule nose 52 and the rear flange 
26\ 

The wall thickness "t" and the geometry and configuration of the 
20 rear ferrule 22' are selected for a particular application in order to balance and 
properly align the ferrule 22' on the tubing and to assure that the rear ferrule 22' 
cooperates with the front ferrule 16' to achieve the desired phase controlled 
sequential gripping operation during pull-up to assure a proper seal on the 
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tubing. During fitting pull-up, the rear ferrule 22' applies a vector force against 
the outer surface of the tube end 13 that has both axial and radial components. 
The radial component force enables an axial friction force on the tube surface to 
achieve excellent gripping and sealing action. This axial friction force balances 
5 against an axial tube grip reaction force from the tube 13. 

The combined geometry of the tapered outer wall 50 along with 
the recess 40 cause a "hinge" effect of the rear ferrule nose portion 52. The 
selected geometry and configurations will depend on such factors including but 
not necessarily limited to the materials used for the fitting components, the tube 

10 material and wall thickness, the operating pressure for the fitting, whether the 
rear ferrule is to be case hardened or not, and so forth. In order to maintain 
proper sequential gripping operation during make-up, it is important that the 
rear ferrule 22' nose portion 52 does not collapse too soon otherwise the front 
ferrule 16 may not have sufficient gripping force on the tube wall or an 

15 inadequate seal force between the front ferrule 16 and the tapered camming 
mouth 14. If the rear ferrule 22' collapses too late relative to the front ferrule, 
then the rear ferrule 22' may not have adequate gripping force on the tube 13 
wall. 

The rear ferrule 22' hinge effect directs the rear ferrule applied 
20 force at the nose section 52 against the tube wall at a significant radial vector 
angle from the tube surface. This ferrule applied force vector B thus has a 
significant radial component while enabling the significant axial friction force. 
Thus, a smaller axial component force applied via the drive member 30 
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sufficiently opposes the axial tube gripping reaction force in contrast to when 
the applied force is substantially axial as in the prior art of Figs, 1 and 1A. The 
rear ferrule 22' grip of the tube 13 thus approaches a toggle-like hinged action. 
The smaller axial component force results in reduced nut 30 pull-up torque to 
5 achieve the same tube grip. 

In addition, during fitting pull-up, this hinge characteristic directs 
the tube reaction force through the rear ferrule 22* generally toward the central 
region of the rear ferrule driven surface 28' that contacts the drive surface of the 
nut shoulder 32'. This results in the reaction forces being more evenly 

10 distributed across the rear ferrule 22' driven surface 28' to avoid or reduce high 
concentrations of stress, thus reducing or eliminating galling and reducing pull- 
up torque without loss of tube gripping force. In many cases it may be preferred 
that the reaction forces be directed in a direction generally normal to the rear 
surface 28' of the rear ferrule. The increased tube gripping force resulting from 

15 the applied radial force also imparts greater penetration or swaging of the rear 
ferrule 22' nose portion onto the tube 13. This provides an excellent tube grip 
and seal with lower applied torque, and also provides greater resistance to 
vibration fatigue by providing a swaged region of high gripping pressure behind 
(i.e. axially rearward) of the tube stress riser created at the forward end of the 

20 nose of the rear ferrule 22'. Fig. 28 illustrates this result, in that the stress riser 
region 400 where the nose penetrates the tube wall 13 is axially forward of a 
swaged region 402 of high frictional engagement between the ferrule nose and 
the tube wall High frictional area or swage produces a collet effect that secures 
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the ferrule on the tube wall and protects the stress riser 400 from vibration. 
Good gripping action of the rear ferrule forward flat section 44 of the nose 
portion onto the tube is important for overall performance of the fitting, in 
contrast to any contact pressure between the rear ferrule rear flat portion 42. In 
5 many cases, there is no need for an contact between the portion 42 and the tube 
13. 

Another benefit resulting from the reduced galling and lower 
pull-up torque of the present invention is that re-make of the fitting is 
facilitated. By "re-make" is simply meant that, in some applications, the user 

10 desires to separate a tube fitting after installation, possibly to replace a valve, 
tubing or to perform other routine maintenance and repair, and then-to re-install 
the same fitting without replacing the ferrules and/or nut or body. If the rear 
ferrule and drive nut have become galled, then the torque required for re-make 
of the fitting may be prohibitive or impossible, or the fitting may not adequately 

15 re-seal. With the use of the present invention to significantly reduce or 
eliminate galling and reduce pull-up torque, re-make is facilitated. 

Although the present invention is useful with many different 
materials, it has particular advantages when used with stainless steel fittings and 
tubing, including but not limited to 316 and 316L stainless tubing, but includes 

20 in addition to other alloys, Hastalloy, Inconel, Monel alloys 400 and 500, 
254SMO and steel, and duplex stainless steel such as, for example, SAF 2507. 
The present invention can be used with or without case hardening on all or part 
of the surfaces of the ferrules as required. 
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With respect to case hardened ferrules or ferrules made of 
materials substantially harder than 316L stainless steel, the present invention 
allows the fitting 10 to be properly pulled up with the desired phase controlled 
sequential gripping of the tube wall. If a conventional ferrule, particularly the 
5 rear ferrule, was case hardened or made of a very hard material, the ferrule 
would be too stiff to achieve proper seal and grip of the tube wall. The present 
invention however facilitates the use of ferrules of hard materials or that have 
been case hardened over part or all of their surface. Case hardening herein 
refers to the treatment of the ferrules in such a manner as to provide a carbon or 

10 nitrogen rich surface that substantially hardens the ferrule body as compared to 
the underlying base metal, as is known to those skilled in the art. 

FIG. 5 illustrates another preferred embodiment of the rear 
ferrule in which the recess 40 has is defined by two different angles (an obtuse 
triangle). For example, the smaller first angle defined with the inner surface 

15 increases as it extends rearwardly from the surface 44 toward the rear flange 
26 9 . The larger second angle (approximately twice the angular dimension of the 
first angle) increases as it extends forwardly from the surface 42 toward the 
nose region. These angles thus intersect at an axial position that is located 
beneath the intersection of the outer wall 50 with the rear flange. Accordingly, 

20 the stresses are more evenly distributed over the rear face 28'. 

Turning to FIGS. 6 and 7, the rear ferrule of the prior art 
arrangement of FIG. 1 is shown before and after make-up of the fitting. The 
fitting was subjected to a finite element analysis, the results of which are 
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particularly evident in FIG. 7. There, shaded regions in the rear flange of the 
rear ferrule and the nut evidence the force and stress concentrations encountered 
upon make-up of the fitting. Particularly, a region of high stress concentration 
is designated at area 60. Regions of progressively decreased stress 
5 concentration are identified hy numerals 62, 64, 66, 68, and 70. Thus, the large 
stress concentration at the radial inner location of the rear face 28' results in 
increased torque during make-up and potential galling of the nut. 

FIGS. 8 and 9 show another modified rear ferrule in accordance 
with the teachings of the present invention. This rear ferrule is the same as 

10 shown in FIG. 5. As particularly evident in FIG. 9, the region of high stress 
concentration is substantially reduced in size when compared to FIG. 7. This 
indicates that the stresses have been more uniformly dispersed over the rear face 
of the flange of the rear ferrule. Thus, the torque is reduced and the potential 
for galling is likewise reduced. 

15 FIGS. 10 and 11 represent the rear ferrule shown and described 

in FIG. 4. Here, the finite element analysis illustrates that the region of high 
stress concentration is substantially removed at the rear face and a more uniform 
distribution of stresses obtained. Again, the torque forces associated with 
make-up are thus reduced with the corresponding reduction in localized stress 

20 concentrations. The recess and conical outer wall provide a radial component to 
the forces generated in the fitting and transferred through the rear ferrule while 
still providing a desired gripping and sealing of the tube. 
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The embodiment of FIGS. 12 and 13 also achieves these same 
objectives. The recess is of a slightly different configuration, i.e., the recess is 
more sharply defined in the inner wall of the rear ferrule. It is also shifted 
slightly forwardly so that the deepest portion of the recess is located forwardly 
5 of the rear flange. However, the outer wall is still of conical configuration and 
in conjunction with the recess distributes the stresses along the rear face of the 
rear ferrule. 

As is apparent with the various embodiments described above, 
the recess and the tapered outer wall do not require a particular conformation to 

10 achieve the stress distribution and reduced torque for make-up of the fitting. In 
fact, a number of proposed alternative embodiments are illustrated in table form 
in FIG. 14. For example, the first row of geometries have a standard location 
that is generally defined as the rear edge of the recess being located axially 
beneath the intersection of the outer wall and the enlarged flange. The tear 

15 drop, right triangle, rectangle, oval, square circular, obtuse triangle, curve, and 
compound curve are various shapes that the recess may adopt. Moreover, the 
recess can be positioned at a forward location (second row), or a rearward 
location where the deepest portion of the recess is positioned beneath the 
enlarged flange (third row) while still adopting the various configurations. Still 

20 further, the orientation of the shapes can be reversed as demonstrated by the 
various geometries in the fourth row or the sixth row, or the recess may be 
defined by multiple recesses as shown in the geometries of the fifth and eighth 
rows. Alternatively, the recess(es) may be enlarged as indicated in the seventh 
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and eighth rows. Accordingly, the invention is not limited to the particular 
configurations shown and described in the earlier embodiments of FIGS. 2-13, 
but may also be incorporated into selected other geometrical configurations. 

With reference to FIGS. 15-20, another embodiment of the 
5 invention is illustrated. As noted herein above, the use of a recess 40 in the rear 
ferrule 22 significantly reduces stress concentrations at the drive surface 32 of 
the drive nut 30 by adding a radial component to the pull up forces. The 
provision of the tapered outer wall 50 further can contribute to the radial 
component and stress distribution, as well as controlled deformation of the rear 
10 ferrule 22 during pull up. In accordance with the embodiments of FIGS. 15-20, 
the rear ferrule is provided with a contoured drive surface that further reduces 
stress concentrations in the area of engagement between the drive nut 30 and the 
rear ferrule 22. 

FIG. 21 illustrates in an exemplary manner typical pull up stress 
15 distributions at the dive nut drive surface 32 and the rear ferrule drive surface 
28, typical in cases that incorporate a recess 40 type structure in the rear ferrule 
as described herein before. These stress concentrations are represented by the 
arrows 200. By comparing the stress distributions of FIG. 21 and the stress 
concentrations in FIG. 7 (FIG. 7 being illustrative of a rear ferrule that does not 
20 include a recess-type or notch structure 40) it is apparent that the provision of 
the recess 40 concept significantly and substantially reduces stress 
concentration on the drive nut drive surface 32 as noted hereinbefore. This 
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reduction in stress concentrations is further evident from a comparison of FIG. 7 
with FIGS. 9, 11 and 13. 

Although Fig. 21 is not an FEA representation, it illustrates the 
point that the use of the recess 40 may not in all cases entirely eliminate stress 
5 concentrations at the rear surface of the rear ferrule (albeit the use of the recess 
or notch 40 greatly reduces stress concentrations in comparison to a rear ferrule 
that does not include a notch or recess). In the simplified representation of FIG. 
21, stress concentrations may exist for example at the radially inner and outer 
portions of the rear ferrule flange 26 (referred to herein as bi-modal stress 

10 concentrations as they can occur though not have to occur as two regions of 
stress concentrations). These somewhat higher bi-modal stress concentrations 
are represented by the heavier arrows in FIG. 21. The present invention is thus 
directed to further reducing such stress concentrations, with the results 
illustrated in FIG. 19, wherein the arrows represent a substantial elimination of 

15 pull up force concentrations using a modified rear ferrule drive surface and the 
recessed inner radius. 

In accordance with this further aspect of the invention a two 
ferrule fitting is shown having a rear ferrule which is modified so as to reduce 
further the pull up stress concentrations by substantially distributing the stress 

20 concentration along the rear surface that engages the drive surface 32 of the 
drive nut 30. As is shown in FIGS. 15-18, corresponding fitting components are 
shown in finger-tight position preparatory to final tightening. 
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With specific reference to FIGS. 15 and 16, the fitting comprises 
a body 110 having a cylindrical opening 112 for receiving a tube end 113 that 
bottoms on a counterbore 112a. A tapered, frusto-conical cam mouth 114 is 
located at the axial rear or receiving end of the opening 1 12. A front ferrule 116 
5 having a smooth, cylindrical, radially inner wall 118 is closely received on the 
tube 113. The front ferrule 116 has a tapered outer surface 120 which engages 
the tapered mouth 1 14 of the body 1 10. 

Associated with the front ferrule 116 and located axially adjacent 
(i.e., in a rearward direction concentrically aligned with the longitudinal axis of 

10 the fitting) is a rear ferrule 122 configured with a tapered nose portion 124 
having a rearward, tapered surface 127. The rear ferrule 122 also includes a 
radially extending rear flange 126 having a contoured end face 128. The 
contoured face 128 includes a rearward-feeing driven surface 129 which is 
engaged by a respective driving surface 132 of the drive nut 130. 

15 The tapered nose surface 127 of the rear ferrule 122 engages and 

may have, but not necessarily, substantially the same angle as a tapered cam 
surface 125 in the rear area of the front ferrule 116. The nose portion 124 is 
joined with the flange 126 by a preferably tapered outer wall 131. In the 
illustrated embodiment the wall 131 tapers with an increasing radial dimension 

20 in the axially rearward direction. The outer wall 131 could also be cylindrical, 
although it is preferred to be tapered to further facilitate reduction of stress 
concentrations on the rear surface 129. 
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The ferrules 116 and 122 are enclosed by a threaded drive nut 
member 130 which includes a drive surface 132 that engages the contoured face 
129 of the rear ferrule 122. The nut member 130 threadably engages a threaded 
portion of the body 110. During tightening and make-up of the fitting, the drive 
5 surface 132 of the nut 130 applies pull up forces against the contoured face 129 
of the rear ferrule 122 to drive both ferrules axially forward (to the right as 
viewed in FIG. 16) into the fully engaged position shown in FIG. 19. The rear 
ferrule is configured so that upon forced engagement with the tapered cam 
surface 125, the nose portion 124 deforms radially inward. This action is 

10 desirable since it results in a tight gripping engagement of the rear ferrule 122 
inner cylindrical wall with the outer surface of the wall of the tubing 1 13. 

In the embodiments illustrated in FIGS. 15-20, the contoured 
face 128 of the rear ferrule 122 may be rounded, curved, arcuate, or bowed or 
other curvilinear shape or combination of such shapes. Preferably but not 

15 necessarily the face 128 has a portion of which is a contour in the form of a 
convex radius R. The center of the radius can be, for example, internal to the 
ferrule body as shown in FIG. 1 8. However, those skilled in the art will readily 
appreciate that the origin of the radius surface 129 can be located anywhere 
with respect to the rear ferrule structure with the illustration of FIG. 18 being 

20 provided for illustrative purposes only. One aspect of the contoured face 128 is 
that with the driven surface 129 in the form of a convex radius, a line contact 
129b (or reduced face to face radial contact) is formed initially with the nut 
drive surface 132, in a region between the inner and outer radial portions of the 
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flange 126. The rear ferrule also preferably includes a recess 140 which can be 
of any configuration as previously described herein above. Alternatively, the 
contoured rear face 128 can be used with a rear ferrule configuration that omits 
the recess 140, as illustrated in FIG. 20. 
5 Although the use of a radius or other curvilinear surface for the 

contoured surface 128 is desirable, there is a practical limit as to how small that 
radius can be made. If the radius of curvature is made too small then there will 
possibly be undesired stress concentrations develop in the center region of the 
contoured face 128. 

10 A distinct advantage of the contoured rear ferrule 122 is that pull 

up stresses between the nut drive surface 132 and the contoured face 128 of the 
rear ferrule 122 are more uniformly distributed across the surface 128 of the 
rear ferrule, thus reducing and substantially eliminating stress concentrations. 
This further reduction of stress concentrations on the drive nut 130 reduces pull 

15 up torque and reduces galling, thus facilitating re-make of the fitting. 

It is important to note that although the illustrated embodiments 
show an initial contact between the rear ferrule 122 and the drive nut 130 as 
generally in the middle of the contoured face 128, this is not required in every 
application. The initial point of contact will be a function of the overall fitting 

20 design, including the geometry of the tapered wall 131, the recess 140, the nose 
portion 127, the front ferrule 116 configuration and so forth. But in keeping 
with a general aspect of the invention, the contoured face 128 will be convex or 
axially variant in the region between the radial inner and outer portions of the 
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flange 126 so as to distribute more uniformly the pull up forces acting on the 
drive nut 132 to reduce galling and pull up torque as compared to a 
conventional rear ferrule design that has a substantially flat non-contoured 
driven surface 128. 

5 FIG. 20 illustrates an embodiment of the invention in which the 

rear ferrule 122' has a substantially cylindrical inner wall 150% but otherwise 
includes the flange 126' having a contoured driven surface 128' and a nose 
portion 124' with a front bevel 127 and atapered outer wall 131\ 

Fig. 22 illustrates another embodiment of the invention wherein 

10 the rear ferrule 22' design can have the recess 40' shifted axially rearward, 
generally within the axial dimension of the flange 1 26'. 

With reference to Figs. 23A-F, we illustrate a number of 
variations of the contoured end face 128. In Fig. 23A the face 128 is formed 
with an elliptical profile. In Fig. 23B, the face 128 is formed by a blending of 

15 multiple radiuses such as sections 128a, 128b and 128c (dots on the drawing 
designate points of intersection of the arcs and not physical features of the end 
face). In Fig. 23C, the end face 128 includes a central portion 128a having a 
first radius profile, and outer portion 128b formed by a second radius profile. In 
Fig. 23D the end face 128 includes a central portion 128a having a profile 

20 formed by a radius and outer portions 128b and 128c formed as straight surfaces 
(in section the surface appears straight, though realized in the form of a conical 
surface). In Fig. 23E the end face 128 includes an elliptical portion 128a and a 
straight portion 128b. And in Fig. 23F the end face 128 has a profile formed by 
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three geometric shapes of an ellipse 128a, a straight portion 128b and a radius 
portion 128c. In all the examples of Fig. 23A-F the point made is that the 
selected profile and geometry for the contoured end face 128, as with the earlier 
embodiments described hereinbefore, is designed to achieve the desired plastic 
5 deformation of the rear ferrule 122 hinge-like nose to achieve excellent gripping 
of the tube while also maintaining the proper sequential pull-up operation with 
the front ferrule. 

With reference to Figs. 24A-F, the present invention can also be 
realized by incorporating a contoured profile in the drive surface 132 of the nut 

10 130. In these embodiments, the rear driven surface 128 is conical. 
Alternatively, both the drive surface 132 and the driven surface 128 could be 
contoured. Figs. 24A-F correspond to Figs. 23A-F as to the contour shape 
applied to the drive nut surface 132. Thus, Fig. 24A illustrates an elliptical 
profile; Fig. 24B illustrates a multiple circle profile; Fig. 24C illustrates a two 

15 radius surfaces; Fig. 24D illustrates a radius surface and two straight portions; 
Fig. 24E illustrates an ellipse contour with a straight portion; and Fig. 24F 
illustrates a combination of a radius, straight and ellipse portions. In yet another 
embodiment of Fig. 24G, the nut drive surface 132 can be formed of two 
straight portions that join at an apex 129D. 

20 With reference to Fig. 25, in still a further embodiment, the rear 

ferrule 522 include a recess 540 in the inner cylindrical wall. However, in this 
embodiment, the rear flat portion 542 is formed by a larger diameter bore in the 
ferrule 522 body as compared to the diameter of the bore that forms the forward 
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flat 544. By forming the rear surface 542 with a larger diameter, a single tool 
can be used to foim the notch 540 and the central bores through the ferrule 522 
body. The difference in the two diameters is represented by the dimension D in 
Fig. 25. Note that the notch or recess 540 is positioned in the rearward portion 
5 of the ferrule 522 body. This provides an axially elongated forward surface 544 
that assists in maintaining the ferrule in alignment during assembly since the 
rear portion 542 does not as closely surround the tube. Those skilled in the art 
will readily appreciate, however, that the enlarged diameter rear portion 542 can 
be used with many of the notch 40 profiles illustrated herein and others, 

10 including multiple notch designs. The rear ferrule 522 may also include a 
contoured rear wall as in the embodiments described herein. 

Fig. 26 illustrates another embodiment of the rear ferrule 22\ In 
this embodiment, in addition to the double notches 40* in the central through 
bore, the ferrule includes a notch or recess 300 in the outer diameter surface 50' 

15 of the ferrule. This notch 300 can be used as part of the "hinge" design to 
further control the plastic deformation of the ferrule nose portion 52' during 
pull-up. Fig. 27 illustrates a further example of a rear ferrule 622 that 
incorporates the central recess 640, a tapered outer diameter 650 having an 
outer diameter recess or notch 300', and the larger diameter rear portion or 

20 radial flange 642 with a contoured or radius driven surface 628. The rear 
surface 642 is of a slightly larger diameter than the forward surface 644, as in 
other examples herein, as represented by the dimension D". All of the actual 
dimensions and profiles may be selected to cause the ferrule 622 to plastically 
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deform with desired loads against the tube surface and minimized load 
concentrations against the nut drive surface and also assure proper driving force 
into the front ferrule. As with the various other rear ferrule designs illustrated 
herein, the various concepts of the rear ferrule design can be used in a single 
5 ferrule fitting. 

The ferrule illustrated in Fig. 27 includes the outer notch 300 5 . 

The FEA illustration of Fig. 28 dramatically shows how this outer notch 300' 

produces a significant hinge effect at the nose portion 652 of the rear ferrule. 

The outer notch 300 is bounded by a radially extending crown 302. This crown 
10 302 functions to prevent the nose of the rear ferrule 22' from slipping (as, for 

example, in a telescoping manner) under the front ferrule when the tubing is 

thin walled or otherwise easily deformed during make-up of the fitting. 

Without the crown 302, as the thin tube wall collapsed the nose of the rear 

ferrule could be forced out of the camming mouth of the front ferrule and slip 
15 under the front ferrule, preventing proper sequential pull-up and poor gripping 

by either ferrule. Preferably, the crown 302 maintains contact with the inner 

camming mouth of the front ferrule during pull-up. 

The invention has been described with reference to the preferred 

embodiment. Obviously, modifications and alterations will occur to others 
20 upon a reading and understanding of this specification. It is intended to include 

all such modifications and alterations insofar as they come within the scope of 

the appended claims or the equivalents thereof. 
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Having thus described the invention, it is claimed: 
1. A tube fitting comprising: a fitting body having a 
cylindrical bore for receiving a tube end and including a tapered mouth at one 
end of said bore; a drive member having a threaded engagement with said body 
5 and having a femxle drive surface; a first ferrule having a tapered first end that 
extends into said tapered mouth of the fitting body and having a second end 
with a tapered recess that axially extends toward said first end; and a second 
ferrule having a generally cylindrical interior wall, a tapered first end that 
extends into said tapered recess of said first ferrule, a tapered outer wall portion, 
10 and a driven surface on a second end thereof that engages said drive member 
ferrule drive surface; said second ferrule interior wall having a first 
circumferential recess located between said first and second ends of said second 
ferrule; said tapered wall portion having a second circumferential recess near 
said first end; said recesses reducing force concentrations on said drive member 
1 5 drive surface when the fitting is pulled up. 

2. The fitting of claim 1 wherein said drive member axially drives 
said second ferrule into said first ferrule tapered recess and axially drives said 
first ferrule into said body tapered mouth when said drive member is pulled up 
with said body. 

20 3. The fitting of claim 1 wherein said second ferrule second 

circumferential recess has an increasing radial depth in the axial direction 
. toward said second ferrule second end. 
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4. The fitting of claim 1 wherein said second ferrule tapered outer 
wall includes a radially extending crown adjacent said first end. 

5. The fitting of claim 4 wherein said crown remains in contact 
with said first ferrule tapered recess during pull-up of the fitting. 

5 6. The fitting of claim 1 wherein said second ferrule driven surface 

comprises a contoured face and that with said circumferential recess produce a 
radial component in pull up forces occurring at said drive surface to distribute 
more uniformly said pull up forces across an interface area between said drive 
surface and said contoured face as compared to force concentration areas 
10 present in absence of said contoured face and said circumferential recess. 

7. A rear ferrule for a two ferrule tube fitting, comprising: a 
generally annular body having a longitudinal axis; a tapered nose portion at a 
first end of the ferrule; a flange at a second end of the ferrule axially opposite 
said first end; a cylindrical interior wall extending through the ferrule and 

15 adapted to slide over a longitudinal tube; a first circumferential recess in said 
interior wall and located between said first and second ends; and a tapered outer 
wall that joins said tapered nose and flange; said tapered outer wall having a 
second circumferential recess formed therein. 

8. The ferrule of claim 7 wherein tapered outer wall forms a 
20 radially extending crown at said nose portion. 

9. A tube fitting comprising: a fitting body having a cylindrical 
bore for receiving a tube end .and including a tapered mouth at one end of said 
bore; a drive member having a threaded engagement with said body and having 
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a ferrule drive surface; a first ferrule having a tapered first end that extends into 
said tapered mouth of the fitting body and having a second end with a tapered 
recess that axially extends toward said first end; and a second ferrule having a 
generally cylindrical interior wall, a tapered first end that extends into said 
5 tapered recess of said first ferrule, and a driven surface on a second end thereof 
that engages said drive member ferrule drive surface; said second ferrule 
interior wall having a first circumferential recess located between said first and 
second ends of said second ferrule; said nut drive surface being contoured; said 
contoured drive surface and said recess reducing force concentrations on said 
10 drive member drive surface when the fitting is pulled up. 

. 10. The fitting of claim 9 wherein said drive surface comprises a 
radius portion. 

11. The fitting of claim 9 wherein said drive surface comprises a 
curvilinear portion. 

15 12. The fitting of claim 9 wherein said drive surface comprises at 

least two non-parallel straight portions. 

13. A ferrule for a tube fitting, comprising: a generally annular body 
having a longitudinal axis; a tapered nose portion at a first end of the ferrule; a 
flange at a second end of the ferrule axially opposite said first end; a cylindrical 

20 interior wall extending through the ferrule and adapted to slide over a 
longitudinal tube; a first circumferential recess in said interior wall and located 
between said first and second ends; and a tapered outer wall that joins said 
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tapered nose and flange; said tapered outer wall having a second circumferential 
recess formed therein. 

14. The ferrule of claim 13 wherein said ferrule is case hardened 
over a portion of its surface. 
5 15. The ferrule of claim 13 wherein said ferrule is case hardened 

over its entire surface. 

16. A tube fitting comprising: a fitting body having a cylindrical 
bore for receiving a tube end and including a tapered mouth at one end of said 
bore; a drive member having a threaded engagement with said body and having 

10 a ferrule drive surface; a first ferrule having a tapered first end that extends into 
said tapered mouth of the fitting body and having a second end with a tapered 
recess that axially extends toward said first end; and a second ferrule having a 
cylindrical interior wall that closely surrounds the tube end, a tapered first end 
that extends into said tapered recess of said first ferrule, and having a driven 

15 face on a second end thereof that engages said ferrule drive surface; said second 
ferrule cylindrical interior wall having a circumferentially continuous recess 
located between said first and second ends of said second ferrule and axially 
spaced from said second ferrule first end to reduce force concentrations on said 
drive member drive surface when the fitting is made up; said second ferrule 

20 being case hardened over at least a portion of its outer surface. 

17. The fitting of claim 16 wherein said second ferrule is case 
hardened over its entire outer surface. 
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18. The fitting of claim 16 wherein said second ferrule driven face is 
contoured. 

19. The fitting of claim 18 wherein said contoured driven face is 
convex over at least a portion thereof. 

5 20. A ferrule for a non-flared tube fitting, comprising: a generally 

annular body having a longitudinal axis; a tapered nose portion at a first end of 

the ferrule; a flange at a second end of the ferrule axially opposite said first end; 

a cylindrical interior wall extending through the ferrule and adapted to slide 

closely over a longitudinal tube; a first circumferential recess in said interior 
10 wall and located between said first and second ends; said ferrule being case 

hardened over at least a portion of its outer surface. 

2 1 . The ferrule of claim 20 wherein said ferrule comprises a tapered 

outer wall that joins said tapered nose and flange; said tapered outer wall having 

a second circumferential recess formed therein. 
15 22. The ferrule of claim 20 wherein said ferrule is case hardened 

over its entire outer surface. 

23. The ferrule of claim 20 wherein said recess causes a central 

portion of the ferrule to plastically deform in a radially inward direction during 

fitting makeup. 
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